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L. 2escrators with transverse Zeczelry.

Tha oresarnt articlz wriil discuss s3tructures macde of seni-

S - e
conductecr crystals re

'U

resextins lasers excitsd I3y a= 2lsciron
cear (l]. The sinplest laser stiructure is a st-ucture wiv
3c-czclled transverse gec:etry('?i;.l), in which th2 1lizht erxergy

iz radiated ia a direction perperdicular to the directicn oI s
2lecitron beza. The principel nart of tais structure ic 2 sexi-
corductor crystal forming 2 resonaior of lex: = 5 [765

J

iz.l.Diagran o¢ a laser witn transverse zsoz2iry. l-crystal
rame; 2-c‘Jstal.
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Article based on the leciure ziven by the auhor at tasz zeeti
"3Jeniconductor lasers" orgznized by the Zaysics Institute of EilN
on Sept.26,1977 in ‘iarsaw.



In this cade the nirrors of the optical »es50natdr are the natural
crystal walls obtained py chipping.
The crystél‘used as a2 laser should thus have parz:ilel borders,
iti illed Por crystals with cubic symmetry,
;n,gartlcular Tor CZais. In crystals with hexagonal symmeiry,
surfaces should beaCﬁrpped~o:f(lI§O)f A fortunéte circumatance

_.J
‘7:

is the possibiﬂit“«éf growing crystals with hexagonal symimetry,
such as CdS or CdSe; in the form of vlates with orientation
surface\@I§O). Laser activity was obtained for the First time
: 4 time they constituted the only
70

fy : d¥al recombinsiion,
gnd therefore to an inczease of thz threshold of lasser achiviiy,
The platés wivth surface close to the crystallograshic onz
mgde 1Y possible %o ovtain laser radiastion at relativelr low

cf

crents
The depth of slsciron peneirstion, and therefore tihe crystal
aree In which radiation generation takes »nlace, is sevsral

Tor énergy of the order of ge¥eral tens of keV, The remaining

-

o
pari of the crystal ig, decause of the conditions of zeneraiion,
unnecessary.In addition, 3his part of the dérystal makez it rnore
difficult ¢

na
0 rerove. the heet formed in the gensrastion area.
The theoretical.  efficlency ¢f lasers excitved b

oeam does nos exceed 335, Thus, at least 70, of %

pover is transformed into heat and snould be removed to tLe

iz pumping

nitrogen., 4 serious problem is posed by nmeripulaiion of crystals
of 50pna thickness, Jerious techmnolozical difficulties arise

in scldéring the crystals to the frames, ‘aterials of the group
AQBG are wettable with difficulty by ncst of the known solders,
The use of solders with righ tenserature of soffening is also
demesing the crystal.,

s not possible tvo remove the heat in

crystal frame, usually made of copper and -cooled by liguid
"
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W Srom cn”. This limits the light power
| nt density
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in sirfctures with transverse geometry are several A/cr:2 at

an electron exerzy squal tc 40-50 keV.

-3 2entioned atove, slates of crystals of iyge *236’ ha
gcoc surlace, have served %o carry out the basic siudies on
”

“u
hysical properiies of ihe lasers in quesiion. Zowever, an
e
v

d technological operation, =and b.
o
v

3

then 1-2cm}. I

3D thc surfzce 1s covsred witkz syraniils of zZrowiz, scars, zxnd
atler Zefzcis of crystzl zrowiik., For shyysical ziudisz It wes
sufficlent %o chis oI 2 aaxr? o7 The slzte Iree of de2fects, i
flbiel Aillineters, wrnile Ior 2

2
- - 2 = L i P - -
“imensicnz ¢l ths orier o sewverzl
7 r
- -

vz s ! +
I2TLLCIVICIS 3UCl CrysTad

“~ - - copn dota 3 .l e - ~ -
2. Zaser rescnziors witi lconziitudingl 3zeoneiry.

c
: a.smell thickxmess, which, with brittle nmzter
e 1

is not zcssible to grow a crystal of
acdition, considerable 3

trneir pracvical utilization wes posed by their iwo importen
g

ceniconductor lasers a:micited 27 an elactron ez Jind appli-
cesicns in sechnolozy 2s cdevices tranmsmiiitiag informaticn,
including sszlavision orojectvion devices, address elsznexnis Jor
s2lecting information a2te, 211 these annlications recuirs a
structure sﬁffzciently larze, whicn could be scenned with an
electron Yean alcnzs twvo axis. Attenpts of finding =z solution
. ﬂ .

© moscic ctructures hzve no 0s
results. Only single crystal siructures crcocmised any succes
tals wes possible taanics to the zed
closed azpoule.,

.

Cotaining larze crys
of larkov and Dav;.-'c.ov(z) of zrowth an a )
A chearecteristic of this method is the fact ths
is not in contact with
and ‘herefore contains

crystal uncergoes cons;derable damage during cutting of the

materiazl obtzined into separate plates. Zven polisiing o
e

s the cryssal
the walls of the ampcule during growth,
fewer defects. However, tae surface of

op*ical quality cculd not reccver the necessary desree of clean
surface. In struciures mede of suca crystels it wes either impo-
gsible to obtain laser aciiviiy at all, or it wes zczieved at
very high threshold current, which made practiczlly impossible
to use them. The use of siructures ol volume~type crystals was

.
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secmetzy, in which the direcsicn ¢f iz radiated 1izhs and of
exci?ing electrons is concordant (Fig. 2).

in this case thsz thiclmess of ths cryst

oy the conéiticns cn zeat rexovzl,
+ +

to specific i i

lead tc an increzse of the thresrold o

o laser activity. Zxperimental resultis

deviation from perzllel surfaces is at mo
s ooy

guiremenvs zake it diffi
ohire base. The layer

o

such stringent =
crystal ané the
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: '% structure, and the ezCijatiqnﬂig a2t &4 single Qéint,fghisifact
. has allowed to obtain laser activity at room temperafurs with
! "1 NPT A

. decreased crystal thickness é), -
I s
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3. Haterials used for lasefs inm projection telévision.

Projection television requires obteining = light signai
from lasers. for three areas of the visible speciruam faﬁge,
This can b€ achieved by using various semiconductor materials
for comstruciing laser structures. Cadnium sullide, Cas, makes

ible to obtain a zreen imsge. Cadhium selenide, UdSe,
;es in very dark red, 30lid solutions of <hase Zaterials
e ng on the COBEOSlu’OF, eny desired color of ra-
K dietion within the range 4900-6900%. S0li& dolutinms of sulfide
%‘ § in selenidé are rather easy to obtain during ch tal growih
; 3

g3

i
from a mixture of starting components. It is much more compli-

cated %o obtain blue light. In thie case it is nécessary to
, obtain crysvals of solid solutions of cadmium sylfide in zinc
K sulfide or of zinc selenide in zinc sulfide, EFowever, %the vapor
' tension of the szarting meterials are quite diffevent, and thus
it is only possible %0 :0btain solid solutions of ithese compounds
in a narrov compositlon range, Cadmiwn suliide hes & hexzagonal
crystal structurs while zinc sulfide - cubic, whiéh results
in a2 nonioxogengous crystal having domain struciure and aany
defects,

A very inferiesting problem is obtaining a thin morochystallic

é
¥ . . . v . L.
E layer directly on the sapphire base. Such a solution would

Y

AT A

simplify considerably tbe"tecbﬂOTOvy and would decrease the cost
of generating the sirucéture, For a 1014b timeé no positive resulis

y vere obtained in this dlrectlon. Lately, howeVer, studies have
been ¢onducted wai
+

X
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S

ch may brin_ ¢ ‘.ccess; Fox instanpeﬂ(§’,
it has been reporied th*t laser activity was obtained in. a nono-
erystallic layer of zinc selenide., The layer is obtained by the
nethod of vacuum spitaxis on sapphire bése., It is separated,
however, from the base in order %o intréducée the mirrors.
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4, ”he oroblemg of the téchnology of laser structurés
for Projedtion televigion. .

The semiconductor structures dlscussed up to now reguire
relatively high acceleratihg woltages, .of the order of 50=T5k% Vs,
This fact causés various drawbacks in the oneration of the
apparatus :and makes it necessary to- usé nﬂotectlor agdinst f=bay
rediation: Cn the othér Hand, ldwering the acceleratiing voltage
causes an ixcrease of diff raction loss
ith dransversé oumping), rélatéed to %

ecivons, In order to avoid this problem the concepd of using

2l a wave-¢enducting siructure nas aevelopéd(?ig.a)a ls in the case

. 0f joint lasers, such a stichure should leed to loviering of LjZéj
' thréghold conditions, ' ' _ -

es,(eSQecially in lasers
he penetrediorn depti of the

<
¥ e
1
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4 First 1% WES‘pOSSlblE to achléve tThe supected off
I lowered accelerating velfage for galliua arsenide [ 6
the same efféct was also obtaizned for the visible part of the
‘ spectruy - 7.8)
s rrom the veclhnical point of view ithe proolem coasisis in

;

)

the increasé of fthe enitazial layer cf hhe sémidonductor with
a higher réfipaction coeffidient onh a base Wwith a lovier refrac
coefficiéent, AS the base, zinc sulfide (r1 2, 47) has veen used
with an orientation suriface lOTO) Cn this besis .2 layér of

tion

The layers formed had a thiclkress of 20-10 Cpm. The layers had
uneven surfaces which were then nollsnad by the nechani

3
i
;
4 ”g zinc selenide ZnSe Wweés grown (n-g 36) by the method of zas
k z ransport in an open tube, The carrying gas vas hy rozen,
A [ e
] V .
P . i n'\ I - - h»
s - - ‘
;. ; nz/- .
“g T /Z////azmm*
i Fig.3.Diagran .0f the wave-conduc; ing laser siructuile.,
i
Lo
H
| i

c
cnemical method, The resonaiors were obtained by chipring
‘( the base together with the layer. Zxperiments were conducied

[T,
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In closing it is wert: noting that studies in tihe erea of
tie physics of phernonena iIn sexiconductor lasers excited 2 an
slectron bean and the technology of structures for suczn lagers
nave nermitted to work out the srototype devices wiiier 2ullill
the requirements of meny practical ax-licetions
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depends on the application. Some techaglogical -

problems are briefly discussed. Some data concerning laser parameters obtained are given,
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The arlicle reviews the construction problems of different
tron-beam-pumped lasers. The type of laser structurs used
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